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Abstract 
The objective of this study is to characterize a tubular reactor. The experimental set-up consists of a 
collector with a capacity of 20L consisting 05 glass tubes connected in series. The characterization of the 
reactor is made using determination of residence time distribution RTD, knowledge of the various parameters 
of the RTD is an invaluable diagnostic tool that allows realizing the overall operation of the reactor 
hydrodynamic and detecting anomalies flow. 
 The experimental results show the photéréacteur dysfunctions. From the results of the RTD we can 
determine the Peclet number Pe and dispersion coefficient Da.Peclet number values are measuring range 
from 20 to 60, and those of the dispersion coefficient Da are very low between 2 and 8.10-3 m2/s.     
Knowledge of these values directs us to given an appropriate flow model. 
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Nomenclature 
C tracer concentration   
d tube diameter 
Da axial dispersion coefficient 
E distribution function of residence time  
F cumulative function  
I Internal age function 
L tube length 
pe Peclet number 
Pe max Max peclet number 
Q flowrate 
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Q0 initial flowrate 
QC short circuit 
R2 linear regression coefficient    
S tube section 
ts mean residence time 
U speed  
VR reactor volume 
Vm dead volume 
VA accessible volume 
VT  tube volume 
 intensity function 
 conductivity 
 transit time 
2 variance 
 reduces time 
 density 
 dynamic viscosity 
1. Introducion 
 Before starting treatment of contaminated water, it is necessary to characterize the reactor. This characterization is 
done by determining the residence time of the reactor RTD. We have chosen the method of the tracer that is to follow the 
trajectory of tracer particles within the reactor. 
2. Experimental setup 
The experimental setup for the determination of the RTD (Fig 2) consists of a reactor which consists of 05 Pyrex glass 
tubes and a plastic tank with 30litre capacity. It contains the reaction mixture and a pump that circulates the fluid. At the 
exit of the reactor we placed a conductivity probe in a container. This probe is brand WTW TetraCon 325 / P, it can 
detect the tracer at any time. The flow of water is adjusted using a variable rheostat. 
 In this part feed of the reactor is produced by tap water. The tracer is a low electrolyte solution of Potassium Chloride 
(KCl) 20 g /L. The conductivity of the solution is measured using a multi-parameter instrument WTW lnolab function of 
time. Reading the conductivity values every 2 seconds, we were able to follow the trajectory of the tracer in the reactor. 
Using the calibration curve of concentration versus conductivity, we plotted the evolution of tracer concentration versus 
time. 
 
 
 
 
 
 
 
Fig 1: Experimental set-up 
1. Tank 
2. Pump 
3. Glass tube 
4. Plastic tube 
5.  Conductivity 
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3. Experimental measurement of RTD 
The experimental measurement of the RTD for flow of a fluid through a vessel is usually carried out by the stimulus 
response technique. In this, a tracer material that is experimentally distinguishable from the fluid being studied is injected 
at the inlet, and its concentration is monitored the outlet. The injected tracer is the stimulus or signal, and the result of the 
monitoring is the response. Two types of stimulus that can be made relatively well defined are the pulse or Dirac signal 
and the step-change signal [1]. 
3.1. Characterization of the reactor 
The performance of the reactor is often related to the distribution of residence times. In a real reactor, the molecules 
remain in the reactor volume VR for times t which depend in particular the hydrodynamic profile and the reactor 
geometry. These residence times can deviate from the average residence time [2]. 
To highlight the quality of the mixture and the malfunction of the reactor, comparing the average residence time st
calculated from the RTD curves and the transit time  [3]: 
 -If st this can be an indication of the existence of a stagnant or dead volume; 
- If   st     this can mean that there is a short circuit. 
3.2. Distribution functions of residence time 
From the values of the concentration of the tracer, we determined the different functions of RTD. 
 The distribution function of residence time E (t) given by the relation [4] 
 
 The cumulative function F (t), defined by [4]: 
 
 The  internal age distribution I (t) , given by the relation [4]: 
 
 
 Intensity function  (t) defined by the relation [5]: 
 
 
 
allows the malfunction of the reactor when the phenomena of the short circuit and dead volume are visible, it is no 
longer a monotonically increasing. The form tells us the presence or absence of a short circuit, a dead 
volume or flow near the piston. 
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Fig 2: Allure of the intensity function A (t) [5] 
3.3. Experimental method 
Measuring the average residence time is based on injecting a tracer at the entrance of the reactor and set the response 
to a pulse signal. The method is to follow the evolution for different flow of the tracer concentration C. The complete 
restitution curves of the tracer C allows us to calculate the average residence time. The tracer concentrations are inferred 
from a measurement of conductivity of the solution. These changes in conductivity are caused by the presence of an 
electrolyte. 
       The calibration curve (Fig.3) concentration as a function of the conductivity is given by the following equation: 
 
C = 3.181     R2= 0.999                                                                                                      (5) 
 
Fig 3: Calibration of the conductivity as a function of the concentration of the tracer KCL. 
4. Results and discussion 
 The method is to trace the tracer time evolution concentration C for different flow. The complete restitution 
curves of the tracer allow us to calculate the average residence time ts for each flowrate. Concentrations are obtained 
using the calibration curve Fig 3. 
Figures 3.4.5 shows the temporal evolution of tracer concentration for different flow rates of the solution 
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Fig 3.  Temporal evolution of tracer concentration, Q =2,6 L.min-1 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. Temporal evolution of tracer concentration, Q =8,6 L.min-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5: Temporal evolution of tracer concentration, Q=17 L.min-1 
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We can notice that the curves have a same shape with a maximum concentration, then a continuous 
decrease. These curves are similar to those obtained in the case of ideal plug flow reactors [6] 
The formulas used to calculate the parameters of the RTD is defined as follows 
 
Table 1. Formulas used to calculate RTD parameters 
   
Parameters Formulas  
Variance    
Mean Residence time    
 
Passage time   
 
Reactor volume  
 
 
Dead volume  
 
 
Accessible volume   
 
Short circuit  
 
 
 
 
  ;  with 
   
 
 
 
 
Table 2. Summary table of  RTD parameters   
 
                                         
2.6                        2.59                           276.85  12.96 6.30           1.78 O.22    1.2  
8.6                        0.38                           35.56   04.16 1.93 0.71 0.02 1.0  
17                         0.75                           22.68   01.57 0.97 0.50 0.01 0.8  
 
Table 2 contains results for residence times and transition calculated for different flow rates considered. 
Comparing the values of mean residence time with time transit, we note that the higher the speed is high, the percentage 
of dead volume and residence time are low. 
  We found that the mean residence time is less than the transit time for all flow rates. And referring to the theoretical 
curves we can suggest the existence of a stagnant or dead volume. 
 Representation of the distribution functions of residence time 
From the values of the concentration of the tracer, we determined the different functions of RTD for different flow rates. 
Namely, the cumulative function F(t), the distribution function of residence time E(t), the function of internal age 
distribution I(t). An example of distribution curves and curve of intensity function  (t)  is gives in fig 6 and 7. 
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Fig 6.  Distribution curves of residence time Q=2,6 L.min-1 
 
 
Fig 7.  Evolution intensity function A function of time reduces  Q =2,6 L.min-1 
 
Referring to Fig.2, and taking into account the results found by calculating the mean residence time ts is less 
than the transit time for different flowrates , the existence of a dead volume is confirmed. 
 
 Flow modeling 
 
Flow patterns in a real reactor can vary widely, the determination of the Peclet number Pe and the axial 
dispersion coefficient Da used to characterize the flow. 
From the plot of the experimental RTD curves of the calculation of dimension less Peclet Pe, we determine 
the simple hydrodynamic model that best represents the reactor studied.  The values of peclet number Pe and 
axial dispersion coefficient Da are given in table 3 
 
The peclet number is defined as: 
 
With                                                     
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In  a closed reactor, the case of our study, the peclet number is determined by the following formula: 
 
 
 
It can increase the peclet number,   it is assumed that for a very large time (t  ), diffusion is zero (D = 0), which 
corresponds to a maximum peclet number. exp (-Pe)  0 [7]. 
 
Hence the relation 7 reduces to 
 
 
Hence  
  
 
Since [1 - exp (-Pe)) / Pe2] is negligible (2 / Pe) then 
  
 
 
The axial dispersion coefficient Da is 
 
    
 
The Reynolds number is given by 
 
 
 
Table 3. Values of Pe and Da, Re 
 
         
U(m.s-1) Pemax  Pe              Da.10+3 
(m2 /s) 
Re iflow 
2.6                     0.0145                          28.2 0 .22  27.1 2.4        900.2   laminar  
8.6                     0.0472                          53.1 0.02  52.1 4.1  2929.8 turbulent  
17                      0.0938                          54.2 0.01  53.1 8.0  5818.6 turbulent  
 
2 may also be used to estimate Peclet number  Pe in conjuction with equation 10. 
For large Pe values the results are nearly the same, but for small Pe values, they differ significantly.  One 
boundary condition is used at the out
diffusive flux becomes increasingly significant compared with the convective flux. For an open boundary 
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conditions, it is also questionable whether the actual response C(t) can be identified with E(t). Furthermore, 
regardless of the boundary conditions chosen, is difficult to envisage that C is independent of radial position 
for large extents of backmixing, an assumption that is implicit if radial dispersion is ignored. 
5. Conclusion 
The objective of this work was the study of photocatalytic degradation of an aqueous solution of linuron in 
a tubular reactor type CPC. Before this characterization of a photoreactor it was necessary to 
determine operation of the reactor by the method of residence time distribution RTD. Knowledge of 
the distribution function of residence time denoted E (t) represents a valuable diagnostic tool that allows to 
realize the overall operation of the reactor hydrodynamics. From the results of the RTD we have 
determined the Peclet number Pe and the axial dispersion coefficient Da, to assign a simple flow model to 
our results. The experimental results made it possible to view the malfunction of the photoreactor. 
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